Five media, formulated from the seeds of five legume varieties, dried cow blood, and mineral salts, were assessed for the growth and production of insecticidal properties of Bacillus thuringiensis subsp. israelensis. Bacterial powders prepared from the broth cultures were assayed against the larvae of Aedes aegypti, Culex quinquefasciatus, and Anopheles gambiae. A standard primary powder of B. thuringiensis subsp. israelensis (IPS78) was included in the assay for comparison. Good growth was obtained in all the media, and all powders were effective against the three types of mosquito larvae. The powder containing ground seeds of Voandzeia subterranean was the most effective and compared favorably with the standard (IPS78). The concentrations required to kill 50% of the larvae of Aedes aegypti, C. quinquefasciatus, and
tained, the insects developed resistance to chemical insecticides. Such insecticides also create many environmental problems by destroying both harmful and harmless insects, polluting the environment, and posing hazards to users. The high cost of chemical insecticides, which are petroleum based, also limits their adequate application in poor, undeveloped countries. The shortcomings of chemical insecticides make it necessary to find other ways of controlling insect vectors. One such approach is the use of biological control.
Bacillus thuringiensis has been successfully and extensively used for the control of agricultural pests (12) . Serotype H-14 of B. thuringiensis, known as B. thuringiensis subsp. israelensis, has been described as a very potent biocide against all mosquito species (15). Other studies have confirmed this finding (3, 14, 18) .
The main insecticidal property of all B. thuringiensis strains is the possession of delta-endotoxin crystals. Usually, only one crystal is produced per cell during sporulation, except in two strains which are bicrystalliferous (16) . Crystal production and insecticidal activity vary not only with different strains but also with the type of medium used in production (9, 10) .
Production of bacteria for use as a biological control agent is far less sophisticated than production of chemicals. The former can be undertaken in many undeveloped countries in which the diseases borne by the mosquitoes are endemic. For local production in an undeveloped country to have the desired economic advantage, as few imported materials as possible should be used.
In this experiment, therefore, several media based predominantly on locally available substrates in Nigeria were assessed as media for the production of primary powders of B. thuringiensis subsp. israelensis. The medium we describe can be used worldwide or modified to suit local countries.
MATERIALS AND METHODS
Source of organism. B. thuringiensis subsp. israelensis was kindly supplied by H. de Barjac, Institut Pasteur, Paris.
Media used. Five media, designated A, B, C, D, and E, were used for growth of B. thuringiensis subsp. israelensis in shake flask cultures. The basal medium consisted of (grams per liter) cow blood, 10.0; MnCl2 * 4H20, 0.02; MgSO4 * 7H20, 0.05; and CaCo3, 1.0. The media varied according to the type of legume seeds added to the basal medium.
Medium A contained 50.0 g of groundnut cake (Arachis hypogea), and media B, C, D, and E contained 7.5 g each of cow pea (Vigna unguiculata, white variety), soya beans (Glycine soja), cow pea (Vigna unguiculata, black variety), and bambara beans (Voandzeia subterranean). The legume seeds were added as finely ground powders, except the groundnut cake, for which hard-pressed cylinders (1.1 by 4.5 cm) of the cake were ground to fine powder. Fifty grams of the powder was mixed with 500 ml of nonchlorinated tap water, boiled for 40 min, and filtered after cooling. The resulting filtrate was added to the basal medium and made up to 1,000 ml with similar tap water. Freshly (13) . The regression line relating probits to log dose was calculated by the method described by Busvine (2) with a desk calculator (T158C). Mortality among control larvae was rare, and correction with the formula of Abbott (1) Powders of B. thuringiensis subsp. israelensis produced from the five media were effective against the larvae of Aedes aegypti, C. quinquefasciatus, and Anopheles gambiae.
The bioassay results at 24 and 48 h are summarized in Tables 2, 3 , and 4 for the three mosquito species. Paralysis was observed in Aedes aegypti and C. quinquefasciatus larvae within 2 h at a 10.0->g/ml concentration of each bacterial powder, including IPS78. The effects on Anopheles gambiae were less severe at the same concentration; the larvae merely gathered at the top center of the assay cup and stopped feeding. At 24 h, approximately 100% mortality was observed in Aedes aegypti and C. quinquefasciatus at a concentration of 1.0 ,ug/ml in all five locally produced B. thuringiensis subsp. israelensis powders. The average mortality in Anopheles gambiae larvae during the same period and at the same concentration was 83 + 10.89%. Maximum numbers of dead mosquito larvae were recorded in all the B. thuringiensis subsp. israelensis powders at 48 h. Increase in larval death after this period was very small (<1.0%). The powder from the control medium produced 50 to 60% kill in assay cups containing 10 pg/ml after 48 h in three separate experiments.
The concentrations required to kill 50% of the larvae (LC50) indicated that the five locally produced B. thuringiensis subsp. israelensis powders compared favorably with IPS78 in the C. quinque fasciatus and Anopheles gambiae assays. Larvae of Aedes aegypti were more susceptible to all the bacterial powders than were those of C. quinquefasciatus and Anopheles gambiae. The most effective locally produced B. thuringiensis subsp. israelensis powder was from medium E. It was slightly less active than IPS78 and possessed 938 IU for Aedes aegypti (IPS78 had 1,000 IU).
Although the five media differed only in type of legume seeds added, the extent to which they encouraged production of delta-endotoxin crystals was marked. Such differences in larvicidal activities as a result of medium composition have been previously reported (10, 18) . The insecticidal activities of the B. thuringiensis subsp. israelensis powders produced from local media did not correlate to the degree of sporulation observed in the fermentation broth (final whole culture); this has also been previously reported (9) . The (3-7, 14, 18) . Medium E containing bambara beans was found to be the best. Its powder had an LC50 of 1.13 x 10-2 pg/ml, which was close to the range of 5.0 x 10-2 to 1.33 x 10-1 ,ug/ml previously reported for IPS78 against Aedes aegypti larvae (8) . Medium E is therefore recommended for further investigation and possible use for large-scale production of B. thuringiensis subsp. israelensis for mosquito control. This experiment shows that local materials in Nigeria and other undeveloped countries can be used to produce B. thuringiensis subsp. israelensis powders with good activities against important mosquito species.
